Hyd1 Crystal Preparation
Wild type Hyd1 (full length protein including the C-terminal transmembrane helix) was purified as described previously and concentrated to 5 mg mL -1 . 1 Crystals were grown aerobically using the sitting drop vapour diffusion technique, whereby 1 μL of protein solution was mixed with an equal volume of crystallisation buffer (100 mM Bis-tris pH 6.0, 150 mM NaCl, 200 mM Li 2 SO 4 , 20-23 wt.% PEG 3350) and allowed to equilibrate against a 500 μL reservoir of the same. X-ray diffraction data have been collected from other crystals grown from the same batch of protein (but not the crystals used for IR measurements presented here). Crystals from this batch diffracted x-rays to a resolution of 1.2 Å. Figure S1 . Cyclic voltammogram demonstrating electrochemical control within the infrared microspectroscopic-electrochemical cell. Recorded in the presence of a Hyd1 crystal at a scan rate of 10 mV/s, with a background electrolyte of crystallisation buffer (100 mM Bis-tris pH 6.0, 150 mM NaCl, 200 mM Li 2 SO 4 , 20-23 wt.% PEG 3350) additionally containing the redox mediators potassium ferricyanide, methylene blue, 2-hydroxy-1,4-naphthoquinone and methyl viologen (at a concentration of ca 1 mM each). The mid-point potentials for each mediator are relatively consistent with values reported in the literature (Table S1) showing that there is no significant potential offset within the cell, although the cause of the large peak-to-peak separation in the case of 2-hydroxy-1,4-naphthoquinone is unclear. For the infrared spectroscopic data reported in the main text we chose to omit potassium ferricyanide due to the similar wavenumber positions of the ν CN bands of ferri/ferrocyanide and intrinsic active site bands of Hyd1. Figure 2A of the main manuscript (black, relative to a portion of the working electrode free from protein crystal) compared to the re-oxidised minus reduced difference spectrum (red, reproduced from Figure 2B (ii) of the main manuscript). Figure 2B demonstrated that the redox changes are fully reversible.
Since the absolute magnitude of the Ni-B peak in the difference spectra is equal to the absolute magnitude of the initial Ni-B peak through the whole thickness of the crystal, all active sites within the crystal sample respond to the applied potential. peak absorbances were extracted by fitting multiple Gaussian curves to the difference spectra in Figure 3 .
